With a purified beta-propiolactone-inactivated rabies virus, a significant increase in footpad swelling was elicited in normal or in BCG-pretreated mice after immunization with varying doses of rabies vaccine. These footpad reactions were shown to peak at 24 h and to be associated with an infiltration of newly formed blood monocytes demonstrated by histology and [125I]deoxyuridine labeling. A relationship between the lymphoproliferation and the degree of sensitization is described, and the susceptibility to cyclophosphamide treatment is also examined. Adoptive transfer of specific reactivity to normal recipient mice with immune lymphoid cells, but not with immune serum, was demonstrated, and the results represent another argument for a cell-mediated immunological mechanism.
The role of cell-mediated immunity (CMI) in rabies infection is poorly understood. Although neutralizing antibodies are produced after active immunization, their exact role in the defense mechanism against rabies virus in vivo has not been clearly demonstrated (27) . Some reports have dealt with the thymus dependency ofrabies vaccine (RV); when inactivated rabies virus was injected into normal or congenitally athymic mutant mice (nu/nu), no protection and no antibody response were observed in the nude mice (28) . Moreover, in vitro tests were described which clearly demonstrated a T-cell component which appears after immunization of rabbits (23, 31) or mice (30) . Usually, in other infectious diseases, in vitro tests for delayed-type hypersensitivity (DTH) have been correlated with an in vivo test, all being related or not to acquired specific resistance. In tuberculosis, for instance, lymphocyte transformation or macrophage migration-inhibitory factor are demonstrated in conjunction with a positive skin test reaction to tuberculin (3) . This report deals with an attempt to evaluate the production of DTH in mice immunized with inactivated rabies virus. Although DTH occurs spontaneously in the course of many infections, it seldom develops in response to artificial immunization unless powerful adjuvants or live vaccines are used. Thus, BCG infection (18) has been used here as an adjuvant for specific T-cell production in response to viral antigens.
MATERIALS AND METHODS Animals. Specific-pathogen-free Swiss outbred female OF, mice purchased from IFFA-CREDO (Domaine des Oncins, St. Germain sur L'Arbresle, France) or NCS female mice bred at the Pasteur Institute were used at 6 to 8 weeks of age.
RV. Beta-propiolactone-inactivated rabies virus was prepared from bovine fetal kidney cells and purified according to methods described elsewhere (1). Two batches of RV were made, and samples were adjusted to give 250 Histology. Right and left feet and right and left ears of immunized or normal mice were cut off at 4 and 24 h, respectively, after the eliciting skin test, fixed in Bouin solution and embedded in paraffin; both feet were decalcified and sectioned at 2 and 4 ,um. These sections were stained with hematoxylin and eosin.
Adoptive immunization. Dissociated spleen cells or lymph node cells from immune mice were prepared as described elsewhere (14) . Systemic cell transfer was performed by injecting intravenously 5 x 107 spleen cells in 0.5 ml of Hanks solution into normal recipient mice. These mice were challenged with RV in one hind footpad immediately after cell transfer. Local cell transfer was performed by the method of Metaxas and Metaxas-Buehler (19 
RESULTS
In vivo lymphoproliferative response to injection of antigen. It has been shown that the induction and the magnitude of the cellular response to a specific protein antigen is related to its antigenicity and immunogenicity (9) and that the induction of CMI is associated with increased levels of lymphoproliferation in the lymph node draining the site of antigen injection (16) . Thus, the lymphoproliferative response should vary with the dose of antigen injected, and the peak of the response is related to the appearance of activated circulating T cells (11) . This was tested in the following experiment. Groups of 15 seen, the peak of the immune response occurred on day 4, when the relative ratios between left draining node to right nonimmunized node were plotted (Fig. 2, left) . But when absolute counts (counts per minute per node) were expressed (Fig. 2, right) , the kinetics oflymphoproliferative response showed some differences. The response in the left node peaked on day 3; shortly thereafter specific proliferation diminished slowly.
This disappearance was described as migration of host cells into the systemic circulation via the thoracic duct (2). Thus, these cells were tested at the periphery, and the footpad test was chosen to detect DTH to RV. Footpad skin test. In preliminary experiments groups of 15 normal mice were injected in the LHFP with varying doses of RV, and the increase in footpad thickness was recorded 3, 24, and 48 h later. No reaction occurred at 24 h or 48 h; also, no swelling was detected with the diluent. Thus, we decided to use the highest dose of inactivated RV (5 HAU/mouse) to detect circulating effector cells after immunization in a DTH reaction. Two groups of mice were immunized with rabies antigen (5 HAU/mouse); one group was pretreated with BCG in the LHFP, and the second group received saline instead of BCG. All mice were tested 6 days after immunization with 5 HAU of RV injected into the RHFP', and the increase in footpad thickness was recorded (Fig. 3) . This increase was highly significant for BCG mice at 24 and 48 h (P < 0.001) and even at 72 h (P < 0.01). A significant reaction occurred (P < 0.005) but to a lower degree and with a rapid disappearance, as has been described with other antigens in normal mice (11) .
Eliciting dose response in immune mice. Groups of mice under the modulating effect of BCG were immunized with RV (5 HAU/mouse) into the LHFP, and 8 days later separate groups of mice were tested with different doses of RV in the RHFP. A linear dose relationship was observed when levels of DTH were plotted against the eliciting dose injected (Fig. 4) , the highest levels being those in immune mice which recieved the highest dose of eliciting antigen.
Dose response curve with varying immunizng doses of antigen. To produce the highest level of DTH and also to detect possible regulatory mechanisms (17) , groups of BCG-pretreated mice or groups of normal mice were immunized subcutaneously with varying doses of RV. Eight days later, all mice were tested in the RHFP with the same eliciting dose of RV (5 HAU/mouse). Results are recorded in Fig. 5 effectiveness of BCG in immunotherapy of melanoma tumors, the cross-reactivity between mycobacterial antigens and antigens from RV was tested in this system. BCG-treated mice present the same local reaction as normal mice when tested with the highest dose of RV: 2.2 ± 0.37 and 2.0 ± 0.40, respectively. When the same groups of mice were retested 6 days later with the same dose of RV, no difference in the level of DTH was observed between the two groups. This reemphasizes the necessity of injecting the BCG and the antigen into the same area drained by the same lymphoid tissue (2), and this is contrary to the theory of shared antigens being necessary for the effectiveness of BCG as an adjuvant. Although in BCG-pretreated mice the dose relationship clearly demonstrated no suppressive effect of high doses of antigen on the level of DTH, in normal mice a regulatory mechanism might operate to explain the low level of sensitivity, as described previously (17) . To test this hypothesis, CY was used before immunization to prevent a possible suppressive effect on B-cell activation (12) .
Immunosuppression with CY. Groups of mice were treated with CY (intravenously), and 14 (Fig. 6) ; in contrast with preceding results using sheep erythrocytes (12) , no such potentiation of DTH reaction occurred with RV in CY-pretreated mice immunized 8 days previously; moreover, a slight decrease was observed.
Kinetics of DTH reaction. Normal and BCG-infected mice were immunized with the highest dose of RV, as described above, and were tested with 5 HAU of RV in the RHFP every 2 days for the first week and at weekly intervals thereafter. Results of the appearance of the DTH reaction and its longevity are shown in Fig. 7 . As seen in Fig. 3 , BCG-preinfected mice developed a higher and more prolonged DTH reaction, and its development persisted even for 4 weeks. From the preceding experiments (Fig.  1) , one can observe that RV possesses good immunogenicity, which induces a lymphoproliferative response, and effector cells can be detected with a DTH reaction at the periphery, but responses were of low magnitude. To study the capacity of this antigen to produce a cellular reaction, histology and monocyte recruitment were studied in the next experiment.
Histology and monocyte recruitment. Local reaction measured by footpad swelling is the result of specific accumulation of mononuclear cells (Fig. 8) . To measure the specific recruitment of newly formed blood monocytes into the antigen-injected site, the ear test described by Miller et al. (20) was used; results were compared with footpad swelling in a concomitant experiment (Fig. 9) mice related to normal mice were highly significant (P < 0.001), and the ear test showing preferential accumulation of newly formed labeled monocytes gave a similar significant difference between normal and immune mice (P < 0.05). Another argument in favor of CMI for DTH is the capacity of this reaction to be transferred into normal recipient animals with the lymphoid cells from immune donors and not with the serum of the same immune donors. The next experiments were done to examine these effector cells.
Adoptive CMI. No difference in footpad size increases were seen at 4 or 24 h (Fig. 10) between two groups of recipient mice receiving immune or control serum. Other groups of BCG-pretreated mice were injected with RV or saline in the LHFP and RHFP; they were killed 6 days later, spleen or popliteal lymph nodes were harvested, and single lymphoid cell suspensions were prepared. These cells from immune and normal mice were then tested for adoptive immunity by a systemic or local transfer in normal recipient mice. Significant 24-h footpad swelling occurred in recipient mice after both the systemic transfer and the local transfer, which gave the higher response (Fig. 11) pacity in rabies-vaccinated mice to develop DTH after challenge with inactivated rabies virus. The consistent reproducibility of the footpad test, the kinetics of the local reaction and its association with lymphoproliferation in the draining node, and the histological appearance of the lesion and its infiltration with newly formed blood monocytes are all indicative of a DTH reaction. The ability to transfer this reactivity with cells rather than with serum also favors this hypothesis. Thus, in normal mice RV is able to induce DTH measured by the footpad test. This is in agreement with published results on evaluation of CMI by in vitro tests (23, 30, 31) .
Normal mice also produced specific neutralizing antibodies after vaccination (27) , and since it has been observed that antibody production can interfere with the expression of DTH mediators (17) , it was of interest to use selective suppressors of B-cell response to increase the low levels of DTH observed in normal vaccinated mice. CY injected in mice before rabies vaccination did not induce DTH potentiation; on the contrary, diminished levels of DTH were observed when compared to those found in normal vaccinated mice (Fig. 6) . These results are not too surprising since immunodepression has been described in tuberculin-sensitized animals (4) , in methylated bovine serum albumin (7), and after inoculation of an inactivated murine mammary tumor virus in mice (unpublished data). These antigens were described as producing T-cell immunization, which is independent of concomitant B-cell response (4 other T-cell adjuvants need to be tested in order to produce high levels of specific DTH and neutralizing antibodies without any sensitization to tuberculoprotein. Induction of CMI by N-acetylmuramyldipeptide, for instance, associated with RV would be of great interest (32) .
The present study has not determined whether or not DTH is relevant to the development of systemic protective immunity to rabies virus, although the DTH reaction has been shown to involve recruitment of newly formed blood monocytes (Fig. 9) and is described to be regularly associated with multiplication and activation of macrophages at the site of the reaction (18) . Moreover, observations from Koprowski et al. (8) showed the in vitro effects of macrophages on the production of rabies virusneutralizing antibodies, and Turner and Ballard (29) pointed out the important action of macrophages in limiting the spread of rabies infection in mice, although virus replication did not occur in peritoneal macrophages. These results could therefore offer evidence in support of an existing hypothesis (28) that CMI induced by RV is Tcell mediated through a direct action of cytotoxic T cells or by an indirect effect by macrophage stimulation. Thus, CMI against rabies virus could be detected in mice by an in vitro cytotoxicity test (30) and an in vivo DTH reaction.
Demonstration ofDTH in experimental rabies infection will provide methods of determining the level of CMI developing in infected animals. Since expression of DTH can be measured easily in 24 h, the immunological status of the infected animals can be followed at precise times throughout the infection. Postchallenge repeated RV injections have been shown to produce protection in infected animals if the vaccines were able to induce interferon. It will be of great interest to evaluate also in vivo and in vitro parameters of CMI in these animals.
The ability to transfer DTH by immune cells to normal mice will be of immense value in analyzing the mechanisms of CMI when compared with the effectiveness of the neutralizing antibody transfer in rabies virus-infected mice. It must be remembered, however, that although DTH may reflect the development of CMI mechanisms, it does not necessarily reflect the development of protection against rabies virus infection. Current experiments designed to examine resistance directly are being conducted at the present time in an attempt to determine whether a correlation between DTH and protective immunity exists in vaccinated mice.
Furthermore, this may allow the development of optimal vaccination schedules. Since specific reactivity can be detected after rabies vaccination, the footpad test to RV can be used in correlation with the dosage of neutralizing antibodies and with in vitro tests, such as the cytotoxicity or lymphocyte transformation test, or lymphokine production. Adoption of such protocols will depend finally on the demonstration that DTH to rabies virus antigen is correlated with acquired protection. 
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